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Abstract
Purpose:  In  order  to  assess  the  establishment  of  a  pediatric  PICC  line  service  in  a  University
Hospital  after  the  ﬁrst  91  consecutive  procedures.
Materials/Patients  and  methods:  Retrospective  study  over  a  period  of  24  months.  The  criteria
analysed were  success  or  failure  of  the  procedure,  indication,  age  when  inserted,  type  of  PICC
line, mean  length  of  use  and  development  of  complications  such  as  accidental  removal,  venous
thrombosis  or  infection.
Results:  Ninety-one  PICC  lines  were  inserted  in  74  patients  between  4  months  and  25  years  old
(sex-ratio:  1.1  girls/boys).  The  procedure  was  performed  under  general  anaesthesia  in  four
cases (4.4%)  and  under  EMLA  and  MEOPA  in  87  cases  (95.6%).  The  insertion  was  ultrasound
guided  through  the  basilic  (n  =  63,  70%),  humeral  (n  =  18,  20%)  or  cephalic  (n  =  9,  10%)  veins  in
the non-dominant  arm  (L  in  62  cases,  R  in  28  cases).  The  insertion  success  rate  was  99%  (n  =  90).
The main  indications  were  starting  antibiotic  therapy  (n  =  47,  52%),  chemotherapy  (n  =  34,  38%)
and parenteral  nutrition  (n  =  5,  5%).  The  devices  used  were  single  lumen  3F  (n  =  4,  4%),  sin-
gle lumen  4F  (n  =  31,  34%),  double  lumen  4F  (n  =  2,  2.2%),  single  lumen  5F  (n  =  12,  13%),  and
double lumen  5F  (n  =  41,  45%).  The  PICC  line  was  used  for  an  average  period  of  45  days  (14  to
300 days).  The  complications  found  were  accidental  removal  (n  =  2,  2.2%),  catheter  fracture
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(n  =  2;  2.2%),  obstruction  (n  =  5,  5.5%),  suspected  infection  (n  =  1,  1.1%),  and  venous  thrombosis
and pulmonary  embolism  (n  =  3,  3.3%).  The  overall  complication  rate  was  14.4%  (n  =  13)  including
4.4% serious  complications  (n  =  4).
Conclusion:  PICC  lines  are  a  future  solution  in  pediatrics.  This  technique  is  reliable  and  has  a
similar complication  rate  to  studies  carried  out  in  adults,  most  of  which  can  be  prevented  by
careful catheter  maintenance  and  informing  the  care  staff.
© 2013  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
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M
uhe  use  of  peripherally  inserted  central  catheters  (PICC
ines)  has  become  common  practice  in  adults  in  France.  PICC
ines  are  an  alternative  and/or  a  supplement  to  conventional
entral  venous  lines.
Many  recent  studies,  however,  have  demonstrated  a  sig-
iﬁcant  complication  rate  including  venous  thrombosis  and
epticemia.
We  are  not  aware  of  any  studies  carried  out  in  France  on
he  use  of  these  catheters  in  a  pediatric  population.
The  aim  of  this  study  was  to  assess  the  introduction  of  a
ICC  line  service  in  a  pediatric  university  hospital  after  the
rst  91  consecutive  cases.
quipment and methods
ll  PICC  lines  which  were  inserted  by  a  multidisciplinary
dult  and  pediatric  interventional  radiology  team  in  the
epartment  of  Pediatric  Radiology  between  November  2010
nd  December  2012  (i.e.  24  months)  were  included.  The  pro-
edure  was  performed  after  obtaining  the  parents  and/or
hild’s  informed  consent  and  a  joint  evaluation  to  determine
he  type  of  anaesthesia  required:
locoregional  with  a  combination  of  an  EMLA  patch  (Astra
Zeneca,  Canada)  and  inhaled  MEOPA  (Entonox,  Labora-
toire  Linde  St  Priest,  France);
general,  under  the  supervision  of  the  pediatric  anaesthe-
sia  team.
echnique
fter  positioning  an  axillary  tourniquet,  the  arm  veins  were
dentiﬁed  with  a  high  frequency  linear  probe  (such  as  Titan,
onosite)  in  order  to  determine  the  puncture  site.  After  local
sepsis  and  local  anaesthesia  with  4  cc  of  1%  Lidocaine  (Lyon,
rance),  the  basilic,  humeral  or  cephalic  vein  was  punctured
bove  the  cubital  fold  with  a  21-gauge  needle  under  ultra-
ound  guidance  or  a  22-gauge  blue  cathlon  if  the  vein  was
hought  to  be  too  superﬁcial  for  the  puncture  needle  pro-
ided  in  the  kit.  The  distal  veins  catheterized  anterogradely
ith  a  0.016  nitinol  guide  to  the  superior  vena  cava.  After
ncising  the  insertion  site,  a  peel-away  introduction  system
as  inserted  in  order  to  insert  the  PICC  line,  the  end  of
hich  was  positioned  at  the  junction  of  the  superior  vena
ava  and  right  atrium  under  ﬂuoroscopy.  The  PICC  line  was
xed  to  the  skin  with  a  Statlock  colloid  dressing,  Venetec
nternational  (San  Diego,  USA).
The  available  catheters  were:
3F  Bard  (Bard  Incorporated,  Salt  Lake  City,  USA);
4F,  5Fcook  (Cook  Incorporated,  Bloomington,  USA).
E
(
vA  procedure  sheet  was  given  to  the  department  and
ecommended  rinsing  every  2  days  with  a  non-heparinized
aline  solution  and  changing  the  dressing  twice  weekly.  A
rotocol  was  set  up  for  clinical  monitoring  during  the  hospi-
alisation  and  then  on  an  ambulatory  basis  after  the  medical
nd  paramedical  staff  in  the  clinical  departments  concerned
ad  been  given  several  training  and  information  sessions.
wo  series  of  blood  cultures  and  a  culturing  of  the  distal
ip  of  the  removed  catheter  were  performed  if  infection
as  suspected.  Doppler  ultrasound  was  recommended  if
enous  thrombosis  was  suspected.  If  the  PICC  line  became
bstructed,  the  catheter  was  checked  to  be  in  the  correct
osition  with  a  chest  radiography  and  staff  was  then  rec-
mmended  to  ﬂush  the  catheter  with  physiological  saline
olution.  If  this  failed,  they  were  instructed  to  follow  a  pro-
ocol  to  give  thrombolytic  therapy  with  urokinase  (Actosolv,
aboratoire  Eumedica  Pharmaceuticals,  Brussels)  into  the
locked  catheter  lumen.
tatistical analysis
ata  were  collected  onto  an  Excel  electronic  database
Microsoft  Corporation,  USA).  The  criteria  analysed  were  the
ndication,  patient  sex,  success  or  failure  of  the  procedure,
ge  at  the  time  of  insertion,  insertion  vein,  type  of  PICC
ine,  mean  time  of  use  and  development  of  complications
uch  as  accidental  removal,  venous  thrombosis  or  infection.
esults
atients
inety-one  PICC  lines  were  inserted  in  74  patients  over
4  months:  48  of  the  patients  were  boys  and  43  were  girls.
he  boy  to  girl  ratio  was  1.1.
The  indication  for  insertion  of  the  catheters  was  start-
ng  antibiotic  therapy  (n  =  47),  a  course  of  chemotherapy
n  = 34),  parenteral  nutrition  (n  =  5),  or  parenteral  treatment
ther  than  requirement  for  transfusion  or  administration  of
mmunosuppressant  agents  (n  =  5).
The  insertion  success  rate  was  99%  (n  =  90).
The  average  age  at  the  time  of  insertion  was  11.5  years
ld  (the  patients  ranged  from  4  months  to  25  years  old).
edian  age  was  12  years  old.  The  procedure  was  performed
nder  general  anaesthesia  in  four  patients  (4.4%)  and  under
MLA  and  MEOPA  in  86  cases  (95.5%).
The  insertion  was  ultrasound  guided  into  the  basilic
n  = 63,  70%),  humeral  (n  =  18,  20%)  or  cephalic  (n  =  9,  10%)
ein  in  the  non-dominant  arm.
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Table  1  Features  of  the  peripherally  inserted  central
catheters  (PICC)  lines  inserted  during  the  study.
PICC  lines n =  91
Site
Basilic  vein 63  (70%)
Humeral  vein 18  (20%)
Cephalic  vein 9  (10%)
Arm
Right  62  (69%)
Left  28  (31%)
Single  lumen
3F  4  (5%)
4F  31  (34%)
5F  12  (13%)
Double  lumen
4F  2  (3%)
5F  41  (45%)
Length  of  use  14—300  days
(mean  45  days)
Reasons  for  removal
End  of  treatment  58  (64%)
Conventional  central  line  10  (11%)
Deaths  8  (9%)
Complications  7  (8%)
Catheter  in  situ  at  the  end  of
the  study
5 (6%)
Suspected  infection 1  (1%)
Lost  to  follow-up 1  (1%)
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mend  that  the  dressing  is  changed  twice  weekly  and  that  aThe  PICC  line  used  was  single  lumen  3F  (n  =  4,  4%),  single
lumen  4F  (n  = 31,  34%),  double  lumen  4F  (n  =  2,  2.2%),  single
lumen  5F  (n  =  12,  13%),  or  double  lumen  5F  (n  =  41,  45%).  In
62  patients,  the  line  was  inserted  into  the  non-dominant  left
arm  (69%)  and  in  28  cases,  it  was  inserted  into  the  right  arm
(31%)  (Table  1).
The  PICC  line  was  used  for  an  average  of  45  days  (14  to
300  days).
The reasons  for  removing  the  catheter  were  comple-
tion  of  treatment  (n  =  58,  64%),  insertion  of  a  conventional
central  line  (n  =  10,  11%),  or  patient  death  (n  =  8,  9%),
complications  (n  =  7,  8%),  or  suspected  infection  (n  =  1,  1%).
Five  patients  in  our  study  still  had  a  catheter  in  situ  at  the
end  of  the  study  (n  =  5,  6%).  One  patient  was  lost  to  follow-up
(n  =  1,  1%).
The  complications  we  found  were:
• accidental  removal  (n  =  2;  2.2%);
• fracture  of  the  catheter  (n  =  2;  2.2%).  The  PICC  line  frac-
ture  was  caused  by  excessive  pressure  in  a  CT  scan  with
automatic  injector;
• obstruction  of  a  catheter  by  clots  (n  =  5;  5.5%).  The
catheter  used  was  a  dual  lumen  5F  in  four  of  the  ﬁve
patients.  The  patients  were  thrombolised  with  urokinase
which  was  ineffective  in  two  cases  and  the  catheter  was
then  changed  over  a  guide;
• catheter  infection  with  septicemia  (n  =  1;  1.1%)  suspected
in  an  immunosuppressed  female  patient  who  developed
w
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an  isolated  fever.  The  distal  tip  of  the  PICC  line  was  not
cultured  when  it  was  removed;
venous  thrombosis  (n  =  1;  1.7%)  of  the  left  basilic  vein
at  the  catheter  insertion  site  demonstrated  on  Doppler
ultrasonography  after  the  catheter  was  removed;
pulmonary  embolism  with  severity  indicators  and  car-
diac  decompensation  occurring  in  an  18-year-old  patient
10  days  after  removal  of  a  5F  double  lumen  PICC  line;
right  atrial  thrombosis  found  on  echocardiography  for
dyspnoea  32  days  after  insertion  of  the  4F  single  lumen
catheter  in  a  13-year-old  male  patient.
The  overall  suspected  or  conﬁrmed  complication  rate
Table  2)  was  14.5%  (n  =  13),  4.4%  of  which  were  suspected
r  conﬁrmed  serious  complications  (n  =  4).
The  overall  conﬁrmed  complication  rate  was  9%  (n  =  10).
There  were  no  signiﬁcant  increases  in  the  risk  of
omplications  depending  on  the  time  of  use  or  diameter  of
he  catheter.
Complications  occurred  at  an  average  of  11.7  months
fter  our  study  started  and  48  days  after  the  catheter  had
een  inserted.
iscussion
ICC  lines  are  a  medium-  to  long-term  venous  access  in
atients  who  require  parenteral  therapy.  They  are  used
idely  in  adults  and  have  been  shown  to  be  effective  with
 low  complication  rate  in  many  studies.  Although  the  num-
ers  are  still  small,  our  series  is  the  ﬁrst  and  largest  French
eries  to  have  been  published.
There  are  no  speciﬁc  contraindications  to  inserting  the
ine  in  children.  The  contraindications  are  therefore  the
onventional  ones  of  inserting  a  needle  into  the  arm  (coag-
lation  disorders,  skin  lesions  at  the  insertion  site,  etc.)
1].
The  insertion  technique  is  also  reliable  in  children,  with
 success  rate  of  almost  100%  [2].
It  takes  approximately  30  minutes  to  insert  the  line  in
dults.  We  did  not  measure  the  time  prospectively  in  our
tudy  although  we  would  estimate  that  the  patient  spends
n  average  of  approximately  1  hour  in  the  X-ray  room.
The  line  is  inserted  under  local  anaesthesia  as  soon  as  the
hild  is  old  enough.  Patients  under  2  years  old  in  our  study
ad  general  anaesthesia  for  the  catheter  to  be  inserted.
The  catheter  can  remain  in  place  theoretically  for  up
o  6  months  and  is  removed  following  an  aseptic  procedure
y  pulling  it  out  and  then  manually  compressing  the  punc-
ure  site.  We  found  no  signiﬁcant  increase  in  the  risk  of
omplications  in  correlation  with  duration  in  our  study  [3].
The  PICC  line  must  be  carefully  maintained  to  avoid
echanical  complications.  It  is  essential  that  care  staff  are
rained  and  informed  and  that  a  follow-up  sheet  is  given  for
ach  patient  [4].
The  catheter  was  removed  accidentally  in  two  patients
n  our  study.  This  type  of  incident  can  be  avoided  by  training
he  care  staff  and  applying  an  occlusive  dressing.  We  recom-atertight  material  (cling  ﬁlm)  is  applied  when  showering.
Catheter  fractures  are  due  to  incorrect  manipulation
articularly  during  CT  scan  when  automatic  injectors  are
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Table  2  Characteristics  of  patients  and  peripherally  inserted  central  catheters  (PICC)  lines  with  complications.
Characteristics  Patient  1  Patient  2  Patient  3  Patient  4  Patient  5  Patient  6  Patient  7
Age/sex  15  years  old
Girl
8  years  old
Girl
15  years  old
Girl
18  years  old
Boy
13  years  old
Boy
11  years  old
Girl
20  years  old
Boy
Indication  Nutrition  Chemotherapy  Chemotherapy  Antibiotic
therapy
Antibiotic
therapy
Chemotherapy  Chemotherapy
Inclusion  number  1  15  16  17  53  55  56
Position  of  PICC  line  Left  basilic  Right  basilic  Left  humeral  Left  humeral  Left  basilic  Right  basilic  Right  basilic
Type  of  PICC  line  Dual  5F  Dual  5F  Dual  5F  Dual  5F  Single  4F  Single  5F  Dual  5F
Complications  Obstruction  Infection  Obstruction  Pulmonary
embolism
Thrombus  Fracture  Accidental
removal
Consequences  Changed  on
guidewire
Removed Removed  Removed  Venous
thrombosis
Removed  New  PICC  line
Length  of  use  (days)  40  27  110  15  19  14  23
Characteristics  Patient  8  Patient  9  Patient  10  Patient  11  Patient  12  Patient  13
Age/sex  11  years  old
Boy
11  years  old
Boy
10 years  old
Boy
12 years  old
Boy
17 years  old
Girl
13  years  old
Boy
Indication  Antibiotic
therapy
Chemotherapy  Chemotherapy  Chemotherapy  Chemotherapy  Antibiotic
therapy
Inclusion  number  61  66  71  79  80  86
Position  of  PICC  line  Left  cephalic  Left  basilic  Right  basilic  Left  basilic  Left  basilic  Right  basilic
Type  of  PICC  line  Dual  5F  Dual  5F  Single  4F  Dual  5F  Dual  5F  Dual  5F
Complications  Fracture  Thrombus  Obstruction  Obstruction  Obstruction  Accidental
removal
Consequences  Changed  on
guidewire
RA thrombosis  Changed  on
guidewire
Actosolv  protocol  Actosolv  protocol  New  PICC  line
Length  of  use  (days)  10  150  30  152  25  13
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used  because  of  excessive  pressure  [5].  The  new  generation
polyurethane  PICC  lines  allow  iodinated  contrast  medium  to
be  injected  through  the  catheter  at  ﬂow  rates  of  5  cc/s.
PICC  line  obstructions  can  be  prevented  by  introducing  a
bidirectional  valve  and  carefully  maintaining  the  catheter,
using  pulsed  rinses  with  physiological  saline  solution  weekly
and  each  time  after  the  catheter  is  used.  In  addition,  a
thrombolytic  agent  (urokinase)  is  an  effective  technique  and
an  alternative  to  changing  the  catheter  over  a  guidewire.
A  study  carried  out  by  Muller  et  al.  [3],  conﬁrmed  that
catheter  patency  was  achieved  in  93.8%  of  cases  from  the
ﬁrst  attempt.
PICC  line  infections  are  conﬁrmed  by  a  positive  culture  of
the  distal  tip  of  the  catheter  and  from  blood  cultures.  One
case  was  suspected  in  our  study  because  of  fever,  although
no  cause  was  found.  The  catheter  was  changed  and  the  dis-
tal  tip  was  not  cultured.  The  reported  infection  rate  in  the
literature  is  low,  at  approximately  3%  [6,7].  This  has  been
conﬁrmed  in  the  meta-analysis  carried  out  by  Maki  et  al.  [4]
and  the  study  by  Vidal  et  al.  [8].
The  incidence  of  venous  thrombosis  in  our  study  was  3.3%
compared  to  published  rates  in  the  literature  ranging  from
3.9%  to  10%  [9,10].  Two  of  our  patients  who  developed  a
venous  thrombosis  were  suffering  from  cystic  ﬁbrosis.  This
patient  group  is  at  a  higher  risk  of  thrombosis  because  of
their  greater  inﬂammatory  reaction.  This  risk  has  however
probably  been  underestimated  as  peripheral  venous  throm-
bosis  is  often  asymptomatic.
Routine  ultrasound  monitoring  of  the  catheter  insertion
site  could  be  considered  although  the  recommendations  only
suggest  clinical  monitoring  in  the  department  for  the  devel-
opment  of  arm  pain,  redness  or  oedema.
One  serious  pulmonary  embolism  developed  10  days  after
catheter  removal  in  a  patient  suffering  from  cystic  ﬁbrosis
with  sepsis  and  an  acute  inﬂammatory  reaction.  It  is  there-
fore  difﬁcult  to  attribute  the  catheter  removal  to  this  event.
The  incidence  of  complications  did  not  correlate  sig-
niﬁcantly  with  increasing  catheter  diameter  in  our  study
although  because  of  the  small  vein  diameter,  the  use  of  6F
catheters  should  be  limited.
ConclusionIn  conclusion,  PICC  lines  are  a  future  solution  for  pedi-
atrics.  They  have  a  large  number  of  beneﬁts  such  as
reducing  hospital  stay  (the  catheter  can  be  kept  in  situ
[rsity  Hospital  281
t  home),  the  absence  of  scarring  and  easy  removal
y  the  care  team  under  medical  prescription.  The  main
omplications  are  ‘‘mechanical’’  and  should  be  avoided  by
areful  maintenance  of  the  catheter.  Complications  are  rare
nd  have  a  similar  incidence  to  those  reported  in  studies  in
dults.
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